Context. Studies of the formation and evolution of young stars and their disks rely on knowledge of the stellar parameters of the young stars. The derivation of these parameters is commonly based on comparison with photospheric template spectra. Furthermore, chromospheric emission in young active stars impacts the measurement of mass accretion rates, a key quantity for studying disk evolution. Aims. Here we derive stellar properties of low-mass (M 2 M ) pre-main sequence stars without disks, which represent ideal photospheric templates for studies of young stars. We also use these spectra to constrain the impact of chromospheric emission on the measurements of mass accretion rates. The spectra are reduced, flux-calibrated, and corrected for telluric absorption, and are made available to the community. Methods. We derive the spectral type for our targets by analyzing the photospheric molecular features present in their VLT/X-Shooter spectra by means of spectral indices and comparison of the relative strength of photospheric absorption features. We also measure effective temperature, gravity, projected rotational velocity, and radial velocity from our spectra by fitting them with synthetic spectra with the ROTFIT tool. The targets have negligible extinction (A V < 0.5 mag) and spectral type from G5 to K6, and from M6.5 to M8. They thus complement the library of photospheric templates presented by Manara et al. (2013a) . We perform synthetic photometry on the spectra to derive the typical colors of young stars in different filters. We measure the luminosity of the emission lines present in the spectra and estimate the noise due to chromospheric emission in the measurements of accretion luminosity in accreting stars. Results. We provide a calibration of the photospheric colors of young pre-main sequence stars as a function of their spectral type in a set of standard broad-band optical and near-infrared filters. The logarithm of the noise on the accretion luminosity normalized to the stellar luminosity is roughly constant and equal to ∼ −2.3 for targets with masses larger than 1 solar mass, and decreases with decreasing temperatures for lower-mass stars. For stars with masses of ∼ 1.5M and ages of ∼1-5 Myr, the chromospheric noise converts to a limit of measurable mass accretion rates of ∼ 3·10 −10 M /yr. The limit on the mass accretion rate set by the chromospheric noise is of the order of the lowest measured values of mass accretion rates in Class II objects.
Introduction
The phase of pre-main sequence (PMS) stellar evolution is key for the final stellar mass build-up and for the evolution and dispersal of the surrounding circumstellar disks (e.g., Hartmann et al. 2016) . This, in turn, has a strong impact on the final architecture of the planetary systems that form in the disk (Morbidelli & Raymond 2016) .
The determination of how the star accretes mass from the disk, how the system loses mass through winds, and how these rent synthetic spectra for such low-surface-gravity objects are not entirely reliable, as they do not fully reproduce medium-or high-resolution spectra of low-gravity objects (e.g., Allard et al. 2011) . On the other hand, synthetic spectra are still valuable templates of non-active stars, and are therefore needed to evaluate the chromosperic flux emitted by very young stars. Therefore, spectra of Class III objects are needed both as photospheric templates and to further calibrate synthetic spectra.
In Manara et al. (2013a, hereafter MTR13) we presented flux-calibrated spectra of 24 low-mass non-accreting PMS stars covering a large wavelength range (λλ ∼ 300 -2500 nm), obtained with the medium-resolution spectrograph VLT/XShooter. This sample included objects with spectral type from K5 to M9.5 with typically two or more objects per spectral subclass. The spectra, fully reduced and calibrated, were made available to the community and have already been used as templates for several studies (e.g., Alcalá et al. 2014 Alcalá et al. , 2017 Banzatti et al. 2014; Fang et al. 2016; Manara et al. 2015 Manara et al. , 2016 Manara et al. , 2017 Manjavacas et al. 2014; Stelzer et al. 2013b; Whelan et al. 2014) . From the same spectra we estimated the contribution of chromospheric activity to the emission lines typically used to estimate the accretion luminosity of accreting stars, showing that this has a strong dependence on the spectral type, and hence the stellar mass, of the target. A more detailed study of the photospheric and chromospheric properties of these stars, in particular their effective temperature, surface gravity, rotational velocity, and radial velocity, as well as the comparison between chromospheric and coronal emissions, was then carried out by Stelzer et al. (2013a) . This work showed that the chromospheric emission saturates for early-M stars and that the coronal flux dominates that of the chromosphere.
Here we extend the library of photospheric templates with spectra of 16 additional non-accreting PMS stars presented here for the first time and one previously analyzed object. These additional objects have spectral types from G5 to M8, in particular in the ranges not covered by MTR13. The total sample of 41 reduced spectra, including one already analyzed in Manara et al. (2016) , is made available through the Centre de Données astronomiques de Strasbourg (CDS) 1 . We present the sample selection, observations, and data reduction in Sect. 2. Then, we discuss the analysis of the spectra and the photospheric properties of these objects in Sect. 3. In Sect. 5 we analyze the emission lines present in the spectra and the implications for measurements of mass accretion rates in PMS objects with disks. Finally, we perform synthetic photometry on the spectra and derive the typical colors for PMS stars in Sect. 4.
Sample, observations, and data reduction
The targets were selected to be bona-fide young stellar objects without a disk, that is, Class III according to classifications based on Spitzer data (e.g., Evans et al. 2009 ), and with negligible or very low extinction, that is, A V 0.5 mag. Moreover, we searched for objects classified in the literature to have spectral type in the G and early K spectral classes, or in the late M spectral class, in order to cover the gaps in spectral types of the library of photospheric templates of young stars studied by MTR13 and Stelzer et al. (2013a) . We based our selection on the works of Wahhaj et al. (2010) , Manoj et al. (2011 ), Luhman (2007 , and Luhman et al. (2008) and selected 16 single stars for observations. The objects are located in the Taurus, Chamaleon I, Lupus, and Upper Scorpius star-forming regions. Coordinates, 1 http://vizier.u-strasbg.fr/viz-bin/VizieR information from the literature and archival photometry for these targets are reported in Tables A.1-A.2 of the Appendix A. Information on the binarity of the targets was searched for in the literature (e.g., Nguyen et al. 2012; Daemgen et al. 2015) and is reported in Table A.1. Observations were carried out with the ESO VLT/X-Shooter spectrograph (Vernet et al. 2011) . This spectrograph covers simultaneously the wavelength range from ∼300 nm to ∼2500 nm, and the spectra are divided into three arms, the UVB (λλ ∼ 300-550 nm), the VIS (λλ ∼ 500-1050 nm), and the NIR (λλ ∼ 1000-2500 nm). Slits with different widths were used in the three arms and for brighter or fainter targets. The brighter earlier-type objects were observed with the narrower slits (0.5 -0.4 -0.4 in the three arms, respectively) leading to the highest spectral resolution (R∼9900, 18200, 10500 in the three arms, respectively). The targets with later spectral type were instead observed using larger slits (1.3 -0.9 -0.9 ) leading to lower spectral resolution (R∼ 4000, 7450, 5300) but also to lower flux losses. All the targets were also observed with wider slits of 5.0 prior to the narrow slit observations to obtain a spectrum with no flux losses needed for absolute flux calibration. The log of the observations is reported in Table A .3. The S/N of the spectra depends on the wavelength and on the brightness of the targets. The targets with G-and K-spectral types (see following Section) have a mean S/N>60-100, with at least S/N∼5-10 at 355 nm and increasing with wavelengths. The spectra of the four later-type objects have mean S/N∼20-30, ranging from S/N∼5-10 at λ ∼700 nm and smaller, even zero, at shorter wavelengths, to ∼40-60 in the NIR arm of the spectra.
The data reduction was carried out with the ESO X-Shooter pipeline v.2.5.2 (Modigliani et al. 2010 ). This includes the usual reduction steps, such as flat fielding, bias subtraction, order extraction and combination, rectification, wavelength calibration, flux calibration using standard stars observed in the same night, and extraction of the spectrum. Two additional steps were performed by us on the pipeline-reduced spectra. First, removal of telluric absorption lines was performed using telluric standard stars observed close in time and airmass following the procedure described by Alcalá et al. (2014) both in the VIS arm, and also in the NIR arm. Differently from Alcalá et al. (2014) , here we also perform the telluric correction of the NIR spectrum using the flux calibrated spectrum from the pipeline. Then, the spectra obtained with narrow slits were corrected for slit losses by matching those to the one obtained using wider slits, thus obtaining absolute flux calibration. The correction factor is usually constant with wavelength for the objects observed with the 1.3 and 0.9 wide slits, while a correction factor with a linear dependence on wavelength was applied to the spectra obtained with the narrower slits. We finally checked all the flux-calibrated spectra and the agreement with archival photometry is excellent. The only peculiar case was RXJ0445.8+1556, for which an additional factor of ∼1.5 was needed to match the available photometry, probably due to a passage of a cloud while the exposure of the large slit was performed, making this spectrum dimmer than the one obtained with the narrower slits. The lithium absorption line at λ ∼670.8 nm is detected in all targets with G-or K-class spectral type, and also in LM717.
Additional X-Shooter spectra of Class III objects were presented by Manara et al. (2014) and Manara et al. (2016) and used in these works. However, all but one of these targets have A V > 1 mag, thus they are not included in this work, as we want to include only objects with negligible or very low extinction. We thus include in this work only HBC407, a K0 star with A V = 0.8 mag that was analyzed by Manara et al. (2016) . All the 16 reduced, flux-calibrated, telluric corrected spectra analyzed here, plus the spectrum of HBC407 and the 24 targets analyzed by MTR13 are available electronically on CDS.
Stellar properties
3.1. Spectral type classification using spectral indices Spectral types were derived using spectral indices and these estimates have been further confirmed by visually inter-comparing the depth of temperature-sensitive molecular features in the spectra analyzed here. The spectral indices used are the same as in MTR13, which were selected among the indices provided by Riddick et al. (2007) , and augmented with other spectral indices by Herczeg & Hillenbrand (2014, hereafter HH14) and the TiO index by Jeffries et al. (2007) . These additional indices are particularly useful to assign a spectral type to stars of K-and early M-spectral type, which correspond to a range of stellar temperatures to which the Riddick et al. (2007) indices, developed for later-type objects, are not sensitive. The TiO index by Jeffries et al. (2007) , in particular, is sensitive to spectral types K5, or later.
The spectral type was thus assigned using the indices by HH14 for stars with spectral type between K0 and K5, the TiO index for stars with K6 and later K spectral type, and the mean values of the three sets of indices for the M spectral type objects. All values were rounded to half a subclass. The values derived with the different indices are reported in Table 1 . The spectra of the objects are shown, ordered by spectral type, in Fig. C .1-C.3.
For the classification of the objects with G spectral type we used a method introduced by HH14. We join with a straight line the continuum emission at λλ 460 nm and 540 nm and between λλ 490 nm and 515 nm. We then compute the distance between these two lines at λ = 515 nm. This distance increases with the spectral type for G and K stars, as shown in Fig. C.2 . This method allows us to classify G-type objects and, in turn, confirms the classification for K-type objects.
The final values of spectral type for the targets, and the corresponding effective temperatures, are reported in Table 2 . The uncertainties on the spectral type are typically one sub-class for objects of G and K spectral types in our sample, and half a subclass for M-type objects. Our estimates are typically consistent within one spectral sub-class with those from the literature (cf. Table A.1), and different by two sub-classes at most. We show in Fig. 1 the histogram of the spectral types of the targets discussed here together with those analyzed by MTR13. When considered together, these libraries are now covering the whole range of spectral type from G8 to M9.5 with at least one template per spectral sub-class.
Extinction estimate
The targets analyzed here were selected to have negligible extinction (A V <0.5 mag). We verify this assumption with two methods.
First, we compare the observed spectra to BT-Settl models (Allard et al. 2011 ) with the same temperature as the target and with logg=4.0 reddened using the extinction law by Cardelli et al. (1989) and R V =3.1 with increasing values of A V in steps of 0.1 mag, and normalized at 750 nm to the continuum of the observed spectra. The value of A V at which the squared difference between the target and the model is minimized is then chosen. This method, when applied to G-and K-type objects, leads to values of A V =0 mag for RXJ1508. 6-4423, RXJ1547.7-4018, RXJ1538.6-3916, and RXJ1540.7-3756 , of A V =0.1 mag for RXJ1526.0-4501 and RXJ1543.1-3920, of A V =0.2 mag for PZ99J160550.5-253313, PZ99J160843.4-260216, RXJ1515.8-3331, and RXJ0457.5+2014, of A V =0.3 mag for RXJ0438.6+1546 and A V =0.4 mag for RXJ0445.8+1556. These values have typically 1σ uncertainties of 0.1 mag, and of 0.2 mag for the highest values. The values of extinction are thus, in all cases, smaller than 0.5 mag, and compatible with A V =0 mag within, at most, 3σ. In the case of the four late-M-type objects, the agreement between the synthetic spectra and the observed one is not good. In particular, it is not possible to have a good agreement in both the near-infrared part of the spectra (λ > 1000 nm) and the optical part (λ > 500 nm) simultaneously. To check the values of A V we use a normalization at 1040 nm, which allows us to find a better match in the near-infrared part of the spectrum. We obtain A V =1.3, 0.3, 0.9, and 0.6 mag for LM717, LM601, J11195652-7504529, and CHSM17173, respectively. However, these values are rather uncertain and are highly susceptible to the choice of the normalization wavelength, of the reddening law, and to the uncertainties in the models. We note that the values of A V estimated from the near-infrared colors for these late-type targets by Luhman (2007) are of 0 mag for all Table 2 . Stellar parameters derived for the targets analyzed in this work the objects apart from LM717, which was estimated at A V =0.4 mag (see Table A .1). Differences in the values of A V derived from near-infrared or optical spectra could be due to several physical properties of the objects, such as the presence of cold spots on the stellar surface (e.g., Stauffer et al. 2003; Vacca & Sandell 2011; Pecaut 2016; Gully-Santiago et al. 2017) , which make the targets appear to be of later types in red spectra than in blue spectra. An independent estimate of A V can be obtained from the ratio F red = F(833.0nm)/F(634.8nm), as first suggested by HH14. This ratio is sensitive to A V and depends on the spectral type of the object. Fig. 2 shows the observed values for the objects analyzed here together with those in MTR13 2 , as well as the values 2 The spectrum of HBC407 used here is de-reddened by A V = 0.8 mag, and is considered on the plot together with those of MTR13.
obtained after applying a reddening correction with increasing values of A V from 0 mag to 5 mag, using the reddening law by Cardelli et al. (1989) and R V =3.1. We also show the value of F red after de-reddening the spectra by A V = 0.5 mag, reported on the plot as a negative value of A V . On the same figure we show the values of this ratio calculated by HH14 for A V = 0 mag and 1 mag. The observed values of F red are consistent with our assumption that A V ∼ 0 mag for spectral types earlier than M. As for the comparison with synthetic spectra, the values of A V for objects with G-and K spectral type are negligible. There are, however, differences in the M sub-class range. This could be due to the larger uncertainty in the estimate of this ratio in the analysis by HH14, who used both synthetic spectra and observed spectra of dwarfs to calibrate the index. Since synthetic spectra are not reliable in this spectral-type range (e.g., Da Rio Comparison between temperatures from spectral types and from ROTFIT for the objects analyzed by MTR13, who reported the spectral type for these targets, and by Stelzer et al. (2013a) who presented the ROTFIT analysis, and for those analyzed here. The relations between spectral type and temperature are those used by Manara et al. (2013a) , labeled as 'KH95' as it is mainly based on Kenyon & Hartmann (1995) , as discussed in the text, the one by Pecaut & Mamajek (2013) , labeled as 'PM13', and the one by Herczeg & Hillenbrand (2014) , labeled as 'HH14'. The relation by Pecaut & Mamajek (2013) is not available for spectral types later than M5. . log g-T eff diagram for the targets analyzed here and by Stelzer et al. (2013a) showing the values derived with ROTFIT. Isochrones for 1, 10, and 100 Myr (from top to bottom) are from Baraffe et al. (2015) . Bell et al. 2012) , we argue that all the spectra of our targets are compatible with having negligible extinction, that is, A V < 0.5 mag, and we use our data to re-calibrate the values of F red as a function of spectral type and A V . The new values of F red are reported in Table B .1.
Photospheric properties from ROTFIT
The X-Shooter spectra have sufficient spectral resolution and wavelength coverage to measure photospheric properties, namely the effective temperature (T eff ), the surface gravity (log g), the projected rotational velocity (v sin i), and the radial velocity (RV) of the targets. We perform this analysis on the objects of our sample, including HBC407, using the ROTFIT tool (e.g., Frasca et al. 2015 Frasca et al. , 2017 , which was also applied by Stelzer et al. (2013a) to analyze the Class III spectra of MTR13. This analysis tool is based on the search for the best template spectrum that reproduces the target spectrum by minimizing the χ 2 of the difference between observed and template in specific spectral segments. We adopted as templates a grid of BT-Settl spectra (Allard et al. 2011 ) with solar iron abundance according to the Asplund et al. (2009) solar mixture and effective temperature in the range 2000-6000 K and log g from 5.5 to 0.5 dex. The tool is run setting the veiling to zero in all targets, since they are non-accreting objects. For the G-and K-type objects both the VIS and UVB arms have been used in the analysis with ROT-FIT, while the VIS arm contains sufficient lines to analyze the colder objects in the sample. For the latter objects, only the VIS arm is used because of the lower S/N of the spectra in the UVB arm. The spectral intervals analyzed with ROTFIT contain features that are sensitive to the effective temperature and/or log g, such as the Na i doublet at λ ≈ 8190 Å and the K i doublet at λ ≈ 7660−7700 Å. The code also allows us to measure the v sin i by χ 2 minimization applied to spectral segments devoid of broad lines. The photospheric parameters derived with ROTFIT are reported in Table 3 . For completeness, we include also the values of v sin i and RV, even if they are not used in the remainder of this paper. Fig. 3 shows the comparison between T eff derived with ROT-FIT and the one obtained by converting the spectral type determined as in Sect. 3.1 using different relations between spectral type and T eff . We use here the relation by Kenyon & Hartmann (1995) for objects with spectral type in the G and K classes, and by Luhman et al. (2003) for later-type objects, in line with the analysis by MTR13 and Stelzer et al. (2013a) , the one by Pecaut & Mamajek (2013) for 5-30 Myr-old objects, and the one by HH14 for young stars. The values obtained with these two methods using the combined relations of Kenyon & Hartmann (1995) and Luhman et al. (2003) agree within the 1σ uncertainties for all targets except RXJ1508.6-4423, HBC407, and RXJ1547.7-4018. Other relations result in larger deviations especially for the stars with earliest types, which are, however, still within 3σ. Fig. 4 shows the logg-T eff plane for all targets in this work and those analyzed by Stelzer et al. (2013a) , overplotted with theoretical isochrones by Baraffe et al. (2015) . All the targets are compatible within the uncertainties of the parameters with being young objects with ages 10 Myr. These values of logg derived here are thus compatible with the fact that these objects are PMS, and thus closer to luminosity class IV. We note that the coldest stars, thus with lower masses, have smaller values of logg, as noted also by Stelzer et al. (2013a) . This would suggest a younger age for the objects, and we come back to this point in Sect. 3.4.
Stellar luminosity
The stellar luminosities are obtained with the same procedure as in MTR13. The flux of the observed X-Shooter spectrum is integrated over the whole wavelength range, apart from the telluric bands in the NIR arm, where the continuum of the spectrum is interpolated with a straight line. The flux from the regions shortwards of ∼300 nm and at wavelengths longer than ∼2500 nm, which are not covered by X-Shooter, is obtained by integrating a BT-Settl synthetic spectrum Allard et al. (2011) with the same T eff as the target and with logg = 4.0, after matching it 3 , as well as the stellar luminosity corresponding to these revised distances. Distances obtained from parallax measurements are available for seven targets, with only the distance to PZ99J160550.5-253313 which significantly differs from the ones usually assumed for these objects. The revised distance to this object would change its age from ∼15 Myr to ∼30 Myr according to the evolutionary models by Siess et al. (2000) .
The Hertzsprung-Russel diagram (HRD) is shown in Fig. 5 , with the evolutionary tracks of Baraffe et al. (2015) superimposed. This diagram shows an apparent mass-dependent isochronal age trend, with lower-mass stars being typically ∼1-10 Myr old, and stars with M 0.8 M being ∼10-30 Myr old. This trend is observed even in objects belonging to the same starforming region, for example, Lupus, and is in line with other observations in different star-forming regions (e.g., Bell et al. 2014; Herczeg & Hillenbrand 2015; Pecaut & Mamajek 2016) , and with the logg-T eff trend we see in Fig. 4 . Possible origins for this dependence are the presence of spots on the stellar surface, or the effects of convection related to the presence of magnetic fields, or the effects of accretion during the pre-main sequence evolutionary phase, which are currently being implemented in evolutionary models (e.g., Somers & Pinsonneault 2015; Feiden 2016; Baraffe et al. 2017) . It is also worth noting that the ages inferred from the logg-T eff relation differ from those inferred from the HRD. For example, the targets in the Chamaeleon I region are always younger than 1 Myr in the former, and have age ∼1-10 Myr in the latter diagram. This discrepancy is in line with previous results (e.g., Slesnick et al. 2006 ). 
Photospheric colors of young stars
The absolutely flux-calibrated X-shooter spectra of our targets, with their large, simultaneous wavelength coverage and high signal-to-noise are perfectly suited to compute broad-band colors for young stars and to be used to study variations of the extinction or the presence of spots on the surface of young objects (e.g., Gully-Santiago et al. 2017 ). This kind of study relies on the knowledge of the intrinsic colors of the star, which are gravity dependent (e.g., Luhman et al. 2003) . These spectra of nonaccreting stars are thus ideal for calibrating the relation between spectral type and photospheric color for sub-giants.
We perform synthetic photometry on the spectra in the following bands: Johnson U, B, and V, Cousins R and I, and 2MASS J, H, K s, using the throughputs provided with the TA-DA tool (Da Rio & Robberto 2012). We then plot the optical colors B − V, V − R, U − B, and R − I for our targets as a function of their spectral type in Fig. 6 , and similarly for the near-infrared J −H and H −K colors in Fig. 7 . We show the B−V color for premain sequence stars derived by Pecaut & Mamajek (2013) , and Notes. For each color we report the best fit photospheric color at a given spectral type in the first column, and the +3σ and −3σ statistical uncertainty on this value in the second column. the infrared colors by Pecaut & Mamajek (2013) and Luhman et al. (2003) in the plots. These photospheric colors are consistent within uncertainties with our estimate. We check that a value of A V larger than 0 mag, and up to 0.5 mag, would result in differences in the colors of up to 0.1 mag for the U − B and B − V colors, and less for the other colors. These differences are well within the uncertainties in the relation between spectral type and color we derive. In general the colors increase for later spectral types, but the dependence on the spectral type is usually not a simple relation. For this reason, and in order not to generate bias due to prior assumption on the dependence of a color on the spectral type, we decided to use a non-parametric method to fit the data. In particular, we adopt a local second degree polynomial regression with a Gaussian kernel, using the Python module pyqt_fit.npr_methods.LocalPolynomialKernel. We then bootstrap the result of this fit and derive the 3σ confidence level for the fit, which is shown as a shaded region around the best fit on the plots. The most uncertain color is the U − B color, with typical 3-σ uncertainties of ±0.3 mag. The largest uncertainty in the colors for later spectral types is due to the low S/N of the spectra, while for those at earlier spectral types the uncertainty is due to the low number of objects.
The relations between photospheric colors and spectral type for young stars, that is, sub-giants, calibrated on our spectra are reported in Table 4 . These are given as a function of spectral type since they are independent on the relation between spectral type and effective temperature. 
Near-infrared colors [mag]
J − H H − Ks Fig. 7 . Colors as a function of spectral type for the objects discussed here. The best fit for each color and the 3σ confidence intervals are shown with a solid line and a shaded region. The solid purple and cyan lines are the J − H and H − K photospheric colors for pre-main sequence stars by Luhman et al. (2003) , while the dashed lines are the same colors for 5-30 Myr-old pre-main sequence stars by Pecaut & Mamajek (2013) .
Impact of chromospheric emission lines on accretion rate estimates
Young non-accreting stars typically show the well-known emission lines that characterize cromospheric activity; namely the hydrogen Balmer lines, most prominently the Hα and Hβ lines, the calcium lines, in particular the Ca II infrared triplet (CaIRT) lines at λλ ∼ 849.80 -854.21 -866.21 nm, the Ca K line at λ ∼ 393.37 nm and the Ca H line at λ ∼ 396.85 nm, and the helium lines, in particular the one at λ ∼ 587.6 nm. No emission lines due to chromospheric activity are typically present at infrared wavelengths. The chromospheric calcium lines usually appear as a narrow emission component inside a broad and pronounced photospheric absorption line, and similarly the hydrogen Balmer lines for objects hotter than ∼4000 K. The objects analyzed here span a large range of temperatures, and the presence of the aforementioned lines strongly depends on this parameter. The later-type objects with M spectral type in our sample show the Hα and Hβ lines in emission, with the only exception of LM601 where the Hβ line is not detected possibly due to the low S/N of this spectrum at the wavelength of Hβ. None of these targets instead present emission in the calcium lines, not even when taking into account the photospheric absorption. The very low signal to noise ratio at the wavelengths of the H and K lines prevents detection of these lines for these cold targets, while the CaIRT lines are not detected even if the S/N is larger than 20 at the wavelengths of these transitions. We measure the flux of the Hα and Hβ lines in these targets by directly integrating the continuum-subtracted spectra, which leads to values consistent with those obtained by integrating the emission profiles in the spectrum obtained by the subtraction of the non-active template, since the underlying photospheric absorption is negligible in these cases.
On the other hand, the hotter objects with G and K spectral type in our sample always show prominent calcium and Hα emission lines in reversal on the photospheric absorption lines. Thus, the subtraction of the photospheric template, taken as the 3.4 3.5 3.6 3.7 8 best-fitting BT-Settl spectrum determined by ROTFIT, is mandatory to measure the flux of these lines. In three objects, namely RXJ1508.6-4423, RXJ1540.7-3756, and RXJ1543.1-3920, the Hβ line is also detected after subtracting the photospheric absorption line, and we can measure their fluxes. In the following, we consider the flux from all the detected lines in the analysis, with the only exception being the Ca H line, as this is usually blended with that of H . Although the latter is expected to be faint, the decomposition of the profile is complicated given the projected rotational velocity of our targets and the resolution of our spectra, and we thus prefer to neglect this line in the analysis. The measured flux for these lines is reported in Table 6 .
Following MTR13, we apply the relations between line luminosity and accretion luminosity from Alcalá et al. (2014) to the luminosity of the lines produced in the chromospheres. As showed by Rigliaco et al. (2012) and Alcalá et al. (2014) , the mean value of the accretion luminosity derived with these relations using multiple emission lines is consistent with the accretion luminosity obtained with the more direct method of directly measuring the excess emission in the Balmer continuum region. We thus want to obtain the equivalent accretion luminos-ity a typical chromosphere of a non-accreting young star would lead to by taking the mean value of as many emission lines as are present in the spectra. We call this equivalent accretion luminosity a "noise" on the accretion luminosity (L acc,noise ). We note that, after this conversion, the values of L acc,noise obtained using the Hα line luminosity are systematically lower by ∼0.5 dex than those derived with the calcium lines, and ∼ 0.3 dex lower than those obtained using the Hβ line. The discrepancy between the hydrogen Balmer and the calcium lines has already been reported by MTR13. The values of L acc,noise derived from the four calcium lines analyzed here are instead generally consistent with one another within ∼0.2 dex. The two exceptions to these general properties are RXJ1508.6-4423 and RXJ0445.8+1556. The former is one of the three hotter objects in our sample where the Hβ line is detected. We see that the values of L acc,noise derived from the different lines for this object all agree with one another within ∼0.2 dex, while the values obtained using the Ca K line are higher than the mean value of L acc,noise by ∼0.7 dex. Similarly, the values of L acc,noise obtained for RXJ0445.8+1556 using the Hα and CaIRT lines are discrepant by less than ∼0.3 dex, while the Ca K line flux leads to a value of L acc,noise higher by ∼ 0.7 dex. Since we are interested here in the typical impact of the typical values of the chromospheric emission on the measurements of accretion, and that in accreting objects this is better constrained when multiple lines are used, we decided to include all the detected lines in the analysis, and to use the mean value of L acc,noise of all these lines, which is reported in Table 6 .
The dependence of L acc,noise on T eff , as well as the dependence of the stellar luminosity normalized L acc,noise on T eff is shown in Fig. 8 . The four newly added targets with late M spectral type follow the same linear trend in the log(L acc,noise /L ) versus log(T eff ) relation as found by MTR13. The relation flattens at temperatures larger than ∼4000 K, and can be expressed as: log(L acc,noise /L ) = −2.3 ± 0.1 for 4000 < T eff < 5800K log(L acc,noise /L ) = (6.2 ± 0.5) · log T eff − (24.5 ± 1.9) for T eff ≤ 4000K, (1) where the relation for low temperature is the one reported by MTR13. The values of log(L acc,noise /L ) have a small dependence on the assumed distance of the targets due to the fact that L acc,noise is not directly proportional to L line . However, the value of L acc,noise reported for the objects with T eff > 4000 K does not change even assuming the new distances from the Gaia TGAS catalog.
Since the relation between spectral type and T eff for young stars is still debated in the literature (see Sect. 3.3) , it is useful to provide also a relation between log(L acc,noise /L ) and the spectral type, which is shown in Fig. 9 . We perform the same analysis as for the dependence with T eff , and obtain the typical values of log(L acc,noise /L ) as a function of the spectral type of the targets, which are reported in Table 5 .
The flattening of the relation for objects of spectral type earlier than about K7 was already noticed by MTR13, whose sample, however, included only a couple of stars earlier than K7. This is possibly related to the saturation of the chromospheric activity in hotter stars (see e.g., Stelzer et al. 2013a; Frasca et al. 2015) . However, we want to stress that L acc,noise , computed following the same procedure used to measure L acc in accreting stars, that is, averaging the values of L acc derived from each detected emission line, is not an appropriate diagnostic of chromospheric activity, but is only a way to estimate the effect of chromospheric emission on the measurements of accretion rates. The analysis of the chromospheric properties of these objects is not among the aims of this work.
Implications for accretion rate estimates
The chromospheric emission of young stars derived here impacts the measurements of L acc in accreting young stars and, in turn, ofṀ acc . It is particularly instructive to find the values ofṀ acc at a given M corresponding to the typical chromospheric emission. We thus use the value of L acc,noise for objects with M > 1 M from Eq. 1 and convert this intoṀ acc adopting the stellar luminosity, mass, and radius from one isochrone of the evo- Fig. 10 . Compilation of mass accretion rates vs. stellar masses measured from VLT/X-Shooter spectra by Alcalá et al. (2014 Alcalá et al. ( , 2017 , green squares, Lupus sample) and by Manara et al. (2016 Manara et al. ( , 2017 , red stars, Chamaeleon I sample). The red solid and dashed lines show the values of mass accretion rates corresponding to objects whose accretion luminosity is respectively equal to the stellar luminosity or to 10% of it. The limits derived here due to chromospheric emission are shown with green and blue dotted lines for ∼3 Myr and ∼10 Myr old objects, respectively.
lutionary models by Siess et al. (2000) , similarly as done by MTR13 for lower-mass stars. This model is chosen as it extends to higher stellar masses than the more recent models by Baraffe et al. (2015) , and it is thus more appropriate for this analysis. The resulting values ofṀ acc , which are the limit of the detectable accretion rate in chromospherically active young stars, are shown in Fig. 10 for the 3 Myr and 10 Myr isochrones by Siess et al. (2000) , and together with the same limits derived by MTR13 for M <1 M . In this plot we also show the measurements oḟ M acc for the close to complete samples of Class II stars (i.e., with evidence of disks) in the Lupus (Alcalá et al. 2014 (Alcalá et al. , 2017 and Chamaeleon I star-forming regions. The majority of targets show measured accretion rates well above the chromospheric limits. However, both samples include some Class II objects whose measured accretion rate is compatible or smaller than the expected chromospheric emission, and these are shown with empty symbols. The measured emission for these targets is thus probably dominated by chromospheric activity, and it is not possible to determine whether they are accreting or not. For this reason these targets have been defined as "dubious accretors" by Alcalá et al. (2017) and Manara et al. (2017) .
Summary and conclusions
We present the analysis of new VLT/X-Shooter spectra of photospheric templates of young stars that complements the previous analysis by Manara et al. (2013a) by including objects with spectral types not covered in the previous work. All the spectra are available in reduced form on the CDS website, and they represent a complete set of photospheric templates of young stars with spectral type from G5 to M9.5 and with typically two or more spectra per spectral subclass. The spectra have all been analyzed homogeneously, with spectral types obtained by means of spectral indices and by comparing the relative strength of photospheric absorption features, as well as with an analysis with the ROTFIT tool to derive the photospheric properties (T eff , logg, vsini, RV). We have shown that the two methods produce results in agreement with each other, and that the photospheric properties are compatible with the young ages of these objects. We see the presence of an apparent mass-related isochronal age dependence (younger age for lower-mass stars) when comparing the positions of our targets on the HRD with evolutionary models, as already noted in the literature. Thanks to the broad wavelength coverage of our spectra and to their absolute flux calibration, we have derived photospheric colors in multiple bands (U, B, V, R, I, J, H, K s ) as a function of the spectral type. These colors are the first multi-band set of colors computed for a set of pre-main sequence stars, that is, subgiants, with an ample coverage of spectral types and can be used as standard colors for this kind of object.
We have measured the flux of several emission lines due to chromospheric activity by properly subtracting the photospheric absorption lines. We have converted the flux of these lines into L acc,noise , which is the equivalent value of accretion luminosity one would obtain if this emission were due to accretion processes in young stars with disks. This value, which represents the typical lower limit on the measurable accretion rates in young stars, is independent to the stellar temperature for T eff > 4000 K when normalized for the stellar luminosity. This is possibly related to the saturation of chromospheric emission in these young objects. On the other hand, our data confirm the results of Manara et al. (2013a) that the values of L acc,noise decrease with decreasing stellar temperature for T eff < 4000 K. We also provide the typical values of L acc,noise for spectral types ranging from G5 to M9. When converted into mass accretion rates, this limit indicates that objects at ages of ∼ 1-5 Myr with measured accretion rate 3 · 10 −10 M /yr and stellar masses ∼ 1.5M are probably dominated by chromospheric emission and should be considered with caution. Daemgen et al. (2015) . SB stands for spectroscopic binary. 
